hours after thrombolytic therapy with urokinase and full-dose heparin, all patients underwent pulmonary artery angiography. Then 3 5 F mechanical, 20 or 30 MHz IVUS catheters were advanced into the pulmonary circulation. Main outcome measures-The pulmonary circulation was studied by both methods to detect the presence of thrombus, and a modified Miller score (assessing perfusion defects only and not velocity of flow) was used to quantify the angiographic images. Results In patients with suspected pulmonary embolism, angiography is an invasive method that gives a rapid and complete image of the entire pulmonary circulation, yet it need not be performed in all patients. Moreover, the injection of ionic, high-osmolality contrast material puts critically ill patients at increased risk; non-ionic low-osmolality contrast agents are usually well tolerated.'5 16 However, the imaging of partially occluded vessel segments by angiography has been liable to misinterpretation. 16 Intravascular Patients and methods
PATIENTS
Patients with the diagnosis of acute pulmonary embolism based on clinical signs such as shortness of breath, heart rate > 100 beats/min, systolic blood pressure < 110 mm Hg, and the additional finding of right ventricular overload during echocardiography, or of a positive ventilation-perfusion scan, and who were suitable for thrombolytic therapy, were entered prospectively in our study over a 23 month period. The patients underwent right heart catheterisation and angiography of their pulmonary arteries mean (SD) 6 (4) hours after treatment with three million units of urokinase in one hour, and a bolus injection of 10 000 units of heparin, followed by continuous infusion for 48 hours. All patients were awake and gave their informed consent for the thrombolytic therapy, angiography, and the IVUS study. The use of IVUS catheters was approved by the local ethics committees and the study complied with the Declaration of Helsinki. All patients with vascular access from the legs had an angiographic study or ultrasonic examination of their femoral and pelvic veins before puncture to rule out thrombus formation.
METHODS
Angiography was performed using a Siemens HICOR, BICOR, or MICOR system. A pigtail catheter was advanced through an introducing sheath placed in a femoral or brachial vein, and selectively positioned in the right and left pulmonary arteries. Non-ionic contrast material (45-55 ml in each side, 10-14 ml/s) was injected selectively into the left and right pulmonary circulation. Pulmonary capillary wedge pressure and pressures in the pulmonary artery, right ventricle, and right atrium were measured with 7-5 F Swan-Ganz catheters.
For the IVUS study we used 3-5 F, mechanical, 20 or 30 MHz, monorail echo transducers (Boston Scientific, Waterton, MA, USA) connected to a Hewlett Packard Sonos or Diasonics echo system with S-VHS video recording.
ANALYSIS
The severity of embolisation in the pulmonary circulation was judged from the angiographic findings using the Miller score to assess embolic involvement (but not the effect on pulmonary contrast flow) as described in detail elsewhere."1 The diameter of the pulmonary arteries was calculated from the angiograms using the pigtail catheter for calibration.
The Miller score was calculated by two physicians blinded to the results of the other colleague. The IVUS images were also analysed by two cardiologists to determine the minimal and maximal lumen diameters and the nature of thrombus formation (complete obstruction, wall adherent, or partially mobile echodense structures). The clinical course of the patients was followed until discharge from the hospital. Mean by angiography and IVUS (mm) (2 3)). A total of 168 pulmonary artery segments were studied by both methods. On the basis of the angiographic results, seven segments showed complete obstruction, 49 partial obstruction and angiographic signs typical of thrombus formation, and 112 segments were normal. There was good agreement between angiography and IVUS measurements of luminal diameter in vessels ranging from 3 mm to 14 mm in diameter (fig 1) . In nine of 11 patients no circumferential image was obtained in the proximal pulmonary arteries because of the eccentric position and limited far-field penetration of the 20 or 30 MHz catheters. In addition to complete obstruction, IVUS identified two additional types of thrombus formation. The first type (type A) was thrombus partially adherent to the vessel wall, but otherwise mobile (fig 2A) . The second type was thrombus completely adherent to the vessel wall, either circumferential or in a half moon shape (type B) ( fig 2B) . Though the correlation between IVUS and angiography was 100% in seven segments with complete obstructions, there were differences both in angiographically normal and partially occluded vessel segments. Three (6%) of the 49 angiographically partially occluded vessel segments showed no signs of thrombus formation during IVUS; probably because the IVUS examination was performed after angiography and the thrombus may have resolved. Forty (87%) of the remaining 46 segments showed type A thrombus during IVUS and six (13%) showed a type B appearance.
IVUS revealed thrombus in 38 (34%) of the 112 angiographically normal segments. Twenty (53%) showed a type A pattern and 18 (47%) a type B pattern (P < 0.001).
In general, IVUS had a higher sensitivity for thrombus formation than angiography, mainly for wall adherent but also for partially wall adherent and mobile thrombi. Of the 38 segments with thrombus confirmed by IVUS but negative angiographically, 14 were found in the proximal pulmonary artery, 15 in a first level branch, and nine in a second level branch.
The Although the sensitivity of IVUS for the detection of thrombus was superior to that of angiography, even high frequency intravascular ultrasound may miss very fresh thrombus formation.
CLINICAL IMPLICATIONS
The main diagnostic advantage of IVUS over angiography was that it revealed more residual thrombus formation. However, the clinical implication of this finding is unclear and in the present study the IVUS findings did not affect the clinical consequences. IVUS has already been shown to be superior to angiography in the coronary circulation. Angiography is a contour method and thus limited to imaging the contrast-filled lumen.27 It may therefore overlook recanalised or predominantly wall adherent thrombus with a regular surface. The haemodynamic significance of residual, angiographically overlooked thrombi and their clinical implication are as yet not known, nonetheless in theory IVUS may allow such lesions to be followed up.
